CLAIMS: 



A guided wave optical mnable filter for transmitting a selected frequency channel which 
is included in a substantially broad range of optical frequencies in an incident liaht 
wave, comprising: 

(a) a substrate of a birefringent material which exhibits the linear (Pockels) 
electrooptic effect and the linear strain-optic effect; 

(b) an optical waveguide structure which supports a single mode for both TE and 
TM polarizations formed on said substrate, said optical waveguide structure 
consisting of a straight initial section, a first symmetric branch, first and second 
polarization conversion/electrooptic tuning sections, a second symmetric branch, 
and a straight final section; wherein said initial section is positioned to receive 
said incident light wave and said final section transmits said selected frequency 
channel; wherein said first and second polarization conversion/electrooptic 
tuning sections provide continuous optical paths between said first and second 
symmetric branches; wherein optical path length experienced by a TE light 
wave in traversing said straight initial section, said first symmetric branch, said 
first polarizanon conversion/'electrooptic tunmg section, said second symmetric 
branch, and said straight final section differs from the optical path length 
experienced by a TH light wave in traversing said straight initial section, said 
first symmetric branch, said second polarization conversion/electrooptic tuning 



section, said second symmetric branch, and said final section by half an optical 
wavelength; 

a multiplicity of strain-inducing strips of a dielectric material situated on top of 
said pt)larization conversion/electrooptic tuning waveguide sections; said strain- 
inducing strips having the effect of inducing polarization coupling in said 
polarization conversion/electrooptic tuning waveguide sections; said strain- 
inducing strips having a spatial periodicity A such that substantially complete 
phase-matched polarization conversion occurs in said first and second 
polarization conversion/electrooptic tuning waveguide sections at said selected 
optical frequency within said broad range of optical frequencies; said strain- 
inducing strips situated on top of first polarization conversion/electrooptic 
tuning waveguide section being offset in position from said strain-inducing strips 
situated on top of second said polarization conversion/electrooptic mning 
waveguide section by an odd integral multiple of A/2, wherein said positions 
are measured relative to said first symmetric branch; 
a source of applied voltage V; 

electrodes disposed to produce an electric field in and around said first and 
second polarization conversion/electrooptic tuning waveguide sections in 
response to said applied voltage V; wherein said electric field causes a change 
in the birefringence in said first and second polarization conversion/electrooptic 



tuning waveguide sections sucii that said selected optical frequency is tuned in 
proportion to said applied voltage; and 
(0 means connecting said source of applied voltage to said electrodes. 

The apparatus of Claim 1 wherein said substrate material is lithium niobate. 

The apparatus of Claim 1 wherein said substrate material is lithium tantalate. 

The apparatus of Claim 1 wherein said strain inducing strips comprise a film of fused 
silica deposited uniformly on said substrate at a substrate temperature > 250°C and 
subsequently patterned lithographically at or near room temperature. 

A guided wave optical tunable filter for adding one selected frequency channel to a 
substantially broad range of optical frequencies in an incident light wave, and for 
dropping said selected frequency channel from said substantially broad range of optical 
frequencies in an incident light wave, comprising 

(a) a substrate of a birefringent material which exhibits the linear (Pockels) 
electrooptic effect and the linear strain-optic effect; 

(b) an optical waveguide structure which supports a .single mode for both TE and 
TM polarizations formed on said substrate; said optical waveguide structure 
consisting of a first straight initial throughput section and a second straight 
initial add section joined in continuous fashion to the two input norr^ of fir^r 




four port directional coupler, first and second polarization conversiom' 
electrooptic tuning sections, and a second four port directional coupler of which 
the two output ports are joined in continuous fashion to a first straight final 
throughput section and a second straight final drop section; wherein said first 
initial throughput section is positioned to receive said incident light wave and 
said first initial add section is positioned to receive input light in said selected 
frequency channel; wherein said first and second polarization conversion/ 
electrooptic tuning sections provide continuous optical paths between said first 
and second four port directional couplers; wherein said first final throughput 
section transmits said incident light wave plus light in said selected frequency 
1 ' channel coupled into said initial add section minus light in said selected 

frequency channel coupled out of said final drop section; wherein said second 
final drop section transmits light in said selected frequency channel coupled out 
of said final drop section; wherein optical path length experienced by a TE light 
wave in traversing said straight initial throughput section, said first four port 
directional coupler, said first polarization conversion/electrooptic tuning section, 
said second four port directional coupler, and said straight final drop section 
differs from the optical path length experienced by a TE light wave in traversine 
said straight initial throughput section, said first four port directional coupler, 
said second polarization conversionyelectrooptic mning section, said second four 
port directional coupler, and said straight final drop section by half an optical 
wavelength; 
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a multiplicity of strain-inducing strips of a dielectric material situated on top of 
said polarization conversion/electrooptic tuning waveguide sections; said strain- 
inducing strips having the effect of inducing polarization coupling in said 
polarization conversion/electrooptic tuning waveguide sections; said strain- 
inducing strips having a spatial periodicity A such that substantially complete 
phase-matched polarization conversion occurs in said first and second 
polarization conversion/electrooptic tuning waveguide sections at said selected 
optical frequency within said broad range of optical frequencies; said strain- 
inducing strips situated on top of first polarization conversion/electrooptic 
tuning waveguide section being offset in position from said strain-inducing strips 
situated on top of second polarization conversion/electrooptic mning waveguide 
section by an odd integral multiple of \j2, wherein said positions are measured 
relative to said first four-port directional coupler; 
a source of applied voltage V; 

electrodes disposed to produce an electric field in and around said first and 
second polarization conversion/electrooptic mning sections in response to said 
applied voltage V; wherein said electric field causes a change in the 
birefringence in said first and second polarization conversion/electrooptic tuninii 
waveguide sections such that said selected optical frequency is tuned in 
proportion to said applied voltage; and 

means connecting said source of applied voltage to said electrodes. 



The apparatus of Claim 5 wherein said substrate material is lithium niobate. 



The apparatus of Claim 5 wherein said substrate material is lithium 



tantalate. 



The apparams of Claim 5 wherem said stram mducing strips comprise a film of feed 
silica deposited uniformly on said substrate at a temperamre > 250"C and patterned 
lithographically at or near room temperamre. 

The apparatus of claim 5 wherein said first four port directional coupler and said 
second four port directional coupler each satisfy the condition that the sum of the 
fraction of optical power in TE polarization coupled into a particular input port which 
exits through a particular output port plus the fraction of optical power in TM 
polarization coupled into said particular inpm port which exits through said particular 
output port is substantially equal to unity. 

A guided wave optical tunable filter for transmitting a selected frequency chamiel which 
IS included m a substantially broad range of optical frequencies m an incident light 

wave, comprising; 

'a) a substrate of a bircfringent material which exhibits the linear (Pockels) 

electrooptic effect and the linear strain-optic effect; 
(b) an optical waveguide strucmrc which supports a single mode for both TE and 

TM polarizations formed on said substrate, said optical waveguide strucmre 



con..,„, Of. ^ ^^^^^^ ^^^^^^^ 

acous,oop„c polarization conversion ™i„g secons. a second sy^e.r.c 
bnnch, and a s.ra.gh, flna, sec.ion: wherein said inicia, secion is posuioned ,„ 
receive sa.d .nciden. light wave and sa.d final sect.on transmits said selected 
frequency channel; wherein said first and second acoustooptic polanzat.on 
converston/nrntng secttons provide conttnuous optical paths between said first 
and second symmetric tranches; wherein optica, path length experienced by a 
TE light wave in travers.ng said straight initial section, said first symmetric 
branch, said firs, acoustooptic polarization conversion/tuning section, said 
second symmetric branch, and sa.d straight final section differs from the optical 
path length experienced by a TE light wave tn traversing satd stratght iniual 
section, said first symmetric branch, satd second acoustooptic polarization 
conversion/nrmng sectton, sa.d second symmetric branch, and said final sectton 
by half an optical wavelength; 

a source of applied voltage V(t) varying sinusoidally at a frequency f.; 
interdigita, electrodes disposed to generate a surface acoust.c wave prlpaga.tng 
in sa.d substrate in and around said acoustooptic polarization conversion/tuning 
waveguide sections in response to said applied voltage V,t,; said surface 
acousttc wave having the effect of inducing polar.zation coupling ,„ sa,d 
acousto„pt,c p„iar.zat.on convers.owtun.ng waveguide sections: said surface 
acousfc wave having a wavelength A such that substantially complete phase- 
matched polarization convers.on occurs ,„ sa.d first and second acoustoont. 



polarization conversion/tuning waveguide sections at said selected optical 
frequency within said broad range of optical frequencies; wherein phase fronts 
of said surface acoustic wave in first acoustooptic polarization conversion/tunins 
waveguide section are offset in position from phase fronts of said surface 
acoustic wave in second acoustooptic polarization conversion/tuning wavesuide 
section by an odd integral multiple of A/ 2, wherein said positions are measured 
relative to said first four-port directional coupler; wherein said selected optical 
frequency is tuned in proportion to said frequency f^; and 
(e) means connecting said source of applied voltage V(t) to said electrodes. 

The apparatus of Claim 10 wherein said substrate material is lithium niobate. 

The apparatus of Claim 10 wherein multiple optical frequencies can be simultaneously 
selected by applying a voltage waveform V(t) containing multiple acoustic frequencies 
to said interdigital electrodes; wherein each said acoustic frequency corresponds to a 
different selected optical frequency. 

A guided wave optical mnable filter for adding one selected frequency channel to a 
substantially broad range of optical frequencies m an incident light wave, and for 
dropping said selected frequency channel from said substantially broad range of optical 
frequencies in an incident light wave, comprising 



a substrate of a birefringent material which exhibits the Hnear (Pockels ) 
electrooptic effect and the linear strain-optic effect; 

an optical waveguide strucmre which supports a single mode for both TE and 
TM polarizations formed on said substrate: said optical waveguide structure 
consisting of a first straight initial throughput section and a second straight 
initial add section joined in continuous fashion to the two input ports of a first 
four port directional coupler, first and second acoustooptic polarization 
conversion/tuning sections, and a second four port directional coupler of which 
the two output ports are joined in continuous fashion to a first straight final 
throughput section and a second straight final drop section; wherein said first 
initial throughput section is positioned to receive said incident light wave and 
said first initial add section is positioned to receive input light in said selected 
frequency channel; wherein said first and second acoustooptic polarization 
conversion/tuning sections provide continuous optical paths between said first 
and second four port directional couplers; wherein said first final throughput 
section transmits said incident light wave plus light in said selected frequency 
channel coupled into said initial add section minus light in said selected 
frequency channel coupled out of said final drop section; wherein said second 
final drop section transmits light in said selected frequency channel coupled out 
of said final drop section; wherein optical path length experienced by a TE light 
wave in traversing said straight initial throughput section, said first four port 
directional coupler, said first acoustooptic polarization conversion/tuning 
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-cion d„Ters f™. ,he op.ica, pa„ expenenced bv a TE ligh, wave i„ 
'-'ersio, said s.ai,,, .h,„„,,p„, .ecUon, sa.d fi. fo. po„ di.c„„„a, 
couple, .aid second acooscoop.ic po,a„za,i„„ conversion™™, section. sa,d 

an optical wavelength; 
(c» a source of applied voltage V(,) va,v,ng sin„so,dal,y a. a frequency f ; 
M) in.erdi„a, electrodes disposed ,o genera, a surface aeousUc wave propagating 
in said substrate in and around said acoustooptic polarization conversior^tuntn. 
wavegutde sections in response ,„ said appi.ed voltage V„); said surface 
acoustic wave having the effect of inductng polanzatton couphng „, said 
acoustooptic polarizatton conversion/tuning waveguide sections; sa.d surface 
acoustic wave having a wavelength A such that substantially complete phase- 
matched polarization conversion occurs in satd first and second acoustoopttc 
polarization converston/tuning wavegu.de sections at said selected optical 
frequency within said broad range of optical frequencies; wherein phase fronts 
Of satd surface acoustic wave in first acoustooptic polarization conversion/nrning 

acoustic wave ,n second acoustoopttc p„,arizat,„„ convers,on,tu„,„g wave...u.de 
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relafve to sa,d firs, four-porr d.ecnonal coupler: where.n sa,d selected opncal 
frequency is tuned in proportion to said frequency f-, and 
(e) means connecting said source of applied voltage V(t) to said electrodes. 



14. The apparatus of Clatm 13 wheretn satd substrate .atertal is Hth.um ntobate. 
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The apparams of Clain, ,3 wherein .uUiple „p,cal frequencies can be simuhaneously 
selected b, app.y.ng a voUage wavefo™ V(.) containing multiple acousttc frequencies 
.0 sa,d .nterdigtta, electrodes; wherein each sa,d acoustic frequency corresponds to a 
different selected optical frequency. 



11 

12 16. The 
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apparatus of clain, 13 wherein sa.d first four port directional coupler and said 
second four port directtonal coupler each satisfy the condition that the sum of the 
fraction of opttca, power in TE polartzation coupled into a parttcular input port whtch 
exits through a particular output port plus the fraction of optical power in TM 
polartzatton coupled into said pa„icu,ar input port which exits through said particular 
output port is substantially equal to unity. 

A guided wave ninable niter comprising: 

two 3-port Y-branch beam splitters connected to fo™ two spaced apart 
waveguides between said beam splitters, with an input port and an output port: 

.^) the waveguides .nCuding an optical path d.ffercnce of a half.wavelen.th: and 



(c) polarization coupling regions in the two waveguides displaced by half the spacial 
- period of a permrbation responsible for coupling. 

J 

4 18. A guided wave ainable filter comprising: 

5 ( a) two 4-port beam splitters connected to form two spaced apart waveguides 

6 between said beam splitters, with an upper and a lower input port and an upper 

7 and a lower output port; 

8 ( b) the waveguides including an optical path difference of a half- wavelength; and 

9 ( c) polarization coupling regions in the two waveguides displaced by half the spacial 
^0 period of a permrbation responsible for coupling. 

11 

12 19. A guided wave mnable filter method comprising the steps of: 

1^ <>i) connecting two 3-port Y-branch beam splitters so as to form two spaced apart 

^'^ waveguides between said beam splitters, with an input port and an output port; 

^ - <t)) separating the waveguides by an optical path difference of a half-wavelength; 

<c ) creating polarization coupling regions in the two waveguides displaced by half 
the spacial period of a permrbation responsible for coupling; and 

18 (d) introducing propagated light into the guided wave mnable filter. 

19 

A guided wave tunable filter method comprising the steps of: 



connecting two 4-port beam splitters so as to form two spaced apart waveguides 
between said beam splitters, with upper and lower input ports and upper and 
lower output ports; 

separating the waveguides by an optical path difference of a half-wavelensth; 
providing polarization coupling regions in the two waveguides displaced by half 
the spacial period of the perturbation responsible for coupling; and 
introducing propagated light into the guided wave tunable filter. 



